By the addition of glycerol (10%, v/v), viability titers of serotype pomona vaccine were maintained within 1 to 2 logs (base 10) during controlled-rate freezing and storage in liquid nitrogen.
When serotype pomona was cultivated in a protein-free medium, it was noninfectious for hamsters, cattle, and swine (2) . Avirulent cultures protected animals against both the clinical signs of leptospirosis and the inapparent carrierJ shedder state (4) . Because protection against kidney localization is important in the control of leptospirosis, further studies were made of the experimental vaccine including stability of the noninfectious character (3), duration of immuroom temperature, samples of each portion were tested for the presence of contaminating bacteria and titered for viable leptospires by a tube dilution method (1) . Samples (0.5 ml) were placed in 1.2-ml ampoules which were then hermetically sealed. Because preliminary studies indicated that rapid freezing by plunging sealed vials into liquid nitrogen for 24 hr was unsatisfactory (viability titers decreased 4 to 5 logs), the sealed ampoules were placed in a Linde BF 3-2 controlled-rate nity (5) , and the present studies on storage in liquid nitrogen. Serotype pomona was inoculated into synthetic medium (500 ml in a 1-liter flask) and incubated at 30 C to maximal turbidity (4). The following materials were then added (to portions of the culture) and tested as protective agents: dextrin, 10% (v/v); ascorbic acid (filter sterilized), 0.25%; dimethyl sulfoxide 5%; bovine serum albumin, 0.5%; and glycerol, 10% (v,v) . After agitation on a Vortex Jr. mixer and 30 min at liquid nitrogen freezer. The cooling rate was regulated at 1 C per min to -70 C. The ampoules were then removed and stored in liquid nitrogen. After storage times indicated in Table 1 , two ampoules of each sample were removed and thawed at room temperature. Samples (0.1 ml) were inoculated into Stuart's medium (6) for titration of viable leptospires (1) .
Without a protective additive, the survival of pomona during freezing and thawing was unsatisfactory (Table 1) . With glycerol, the most effec-on September 27, 2017 by guest http://aem.asm.org/ Downloaded from VOL. 22, 1971 tive additive, viability titers decreased 1 to 2 logs (base 10). A mixture of glycerol plus albumin was less effective than glycerol alone. Other additives were less protective, and ascorbic acid was toxic to pomona. After storage in liquid nitrogen for 7 days, vaccine was thawed and tested in hamsters for infectivity and for immunogenicity (2, 4) . It was noninfectious and immunogenic. Nine of ten vaccinated hamsters (1 ml of 1:80 dilution) were immune to serotype pomona organisms.
Most of the loss of viability occurred during the freezing-thawing process. When tested after only 1 hr of storage in liquid nitrogen, four samples of experiment no. 7 contained 6 logs (base 10) of viable pomona. The longest period tested in these studies was 6 months. Other workers (7), using glycerol and rabbit serum as protectives, found only insignificant losses of serotype canicola during 22 months of storage. Rabbit serum was not tested in these experiments because of its anaphylactogenic potential.
Because cultures of avirulent pomona protected hamsters even when diluted as much as 1:160 (4), a viability loss of 1 to 2 logs during storage of vaccine in liquid nitrogen is probably acceptable. These results suggest that cultures of virulent leptospires can be frozen and stored for use as vaccines for the control of leptospirosis.
